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ST. LOVIS. MISSOURI 63101
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SUBJLCT:  Hilliard Estates Lake Dam Phase I Inspection Report

Ihis report presents the recwults of field inspection and evaluation
of > HillTard Bstates Lake Dam (MO No. 20473).

15 preparat under the lational Program of Incpaction of lon-Federszl

Thisz dam has been classificod as unsafe, non-emergencv by the St. Louic
District as a result of the application of the Following criteria:

8. Tue combined spiliway capacity will not pass 50 percent oF
tlie Probable Hawximum ['louwd without overtopping the dam,

¥. Overtopping of the Jdam could result in failure of the dam,
-d. Dam failure significantly increases the hazard to loss of

life downstrean.

- D
CImMITTED BY: [R S\hNE 29 MAY 188‘

Chief, Engineering Division Date

APPROVED BY: SlGNED 9 JUN198i

Colonel, CE, District Engineer Date
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PHASE T REPORT
NATIONAL DAM S5AFETY PROGRAM
SUMMARY

Name of Dam: Hilliard lstates Lake Dam

State located: Missouri

County lLocated: Greene

Stream: Tributary of the Little Pomme de Terre
Date of Inspection: November 19, 1980

Hilliard Estates Lake Dam was inspected by an interdiscip-
linary tecam of engincers from Anderson Engineering, Inc. of
Springfield, Missouri and lanson Engineers, Inc. of Springficld,
I1linois. The purpose of this inspection was to make an assess-
ment of the general condition of the dam with respect to safety,
based upon available data and visual inspection, in order to dec-
termine if the dam poses hazards to human 1life or property.

The guidelines used in the assessment were furnished by
the Department of the Army, Office of the Chicf of Lngineers,
and they have been developed with the help of several Federal
and State agencies, professional engineering organizations, and
private cngineers. Based on these guidelines, the St. louis
District, Corps of Ingincers has determined that this dam is in
the high hazard potential classification, which means that loss
of 1ifec and appreciable property loss could occur if the dam
fails. The estimated damage zone extends approximately two miles
downstream of the dam. Located within this zone arc a pond, a
few out-buildings, and five dwellings.

The dam is in the small size classification, since 1t is
greater than 25 ft high but less than 40 ft high, and the maxi-
mum storage capacity is greater than 50 acre-ft but less than
1,000 acre-ft.

Our inspection and evaluation indicate that the combined
spillways do not meet the criteria set forth in the guidelines
for a dam having the above size and hazard potential. The com-
bined spillways will pass 20 percent of the Probable Maximum
Flood without overtopping. The Probable Maximum Flood is de-
fined as the flood discharge that may be expected from the most
severc combination of critical meteorologic and hydrologic con-
ditions that are reasonably possible in the region. The guide-
lines require that a dam of small size with a high downstream
hazard potential pass 50 to 100 percent of the PMF. Considering

the small height of the dam and the low reservoir storage capacity,
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50 percent of the PMF has been determined to be the appro-
priate spillway design flood. The 100-year flood (1 percent
probability flood) will not overtop the dam. The 1 percent
probability flood is one that has a 1 percent chance of being
exceeded in any given year.

The embankment was in good condition. Deficiencies vis-
ually observed by the inspection team were: (1) Seepage at
outlet of principal spillway pipe; (2Z) LErosion along north ,
abutment-embankment contact; and (3) Lack of wave protection ’
for upstream face of embankment. .

Another deficiency was the lack of seepage and stability
analysis records.

It is recommended that the owners take the necessary action
in the near future to correct the deficiencies reported hercin.
A detailed discussion of these deficiencies is included in the {
following report. "

' ,/C/ S . ;
l \ /’I' /%‘.‘Q \i‘ ~ //:'”‘“ 2
- Steven L. Brady, I.TL. T

Anderson fngincering, _lnC.
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| Tom R. Beckley, ‘PLE.
Anderson lingineerinpy’ Inc.

¢ Healy, P.LE.

on Engineers)JInc.

on Mbrales, P.E.
nson Engineers, Inc.
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SECTTON U= PROJECT INFORMATTION

1.1 GENERAL:

A, Authority:
The National bam Inspection Act, Public Law 92-367
authorized the Secretary of the Army, through the Corps
of Inginecers, to initiate a program of safety inspection
of dams throughout the United States. Pursuant to the
above, the St. Louis District, Corps of Engincers, Dis-
trict kEngineer directed that a safety inspection be made
of Hilliard Estates Lake Dam in CGreene County, Missouri.

14

B. Purpose of Inspection:

The purposc of the inspection was to makc an assessment
of the generat condition of the dam with respect to safety,
based upon available data and a visual inspection in order
to determine it the dam poses hazards to human life or
nroperty.

C. Ivaluation Uriteria:

Uriteria used to cvaluate the dam were furnished by
the Department of the Army, Office of the Chief of Ekng-
incers, "Recommended Guidelines for Safety Inspection of
Dams, Appendix D."  These g¢uidelines were developed with
the help of several federal agencies and many state agen-
cies, professional engineering organizations, and private
engincers.,

1.2 DESCRIPTION OF PROJICT:

A Description of Dam and Appurtenances:

flilliard Estates lake Dam is an earth fill structure
approximately 27 ft high and 320 ft long at the crest.
The appurtenant work consists of a 4 in. diameter princi-
pal spillway pipe and an earthcut channel emergency spill-
wav.

Sheet 5 of Appendix A shows a plan, profile, and typical
section of the embankment. Sheet 4 of Appendix A shows a pro-
file and section of the cmergency spillway.




B. l.Location:

The dam is located in the northecastern part of Greene
County, Missouri on a tributary of the Littlce Pomme de Terre
River. The dam and lake are within the Strafford, Missouri
7.5 nminute quadrangle sheet (Section 15, T30N, R20W - latitude
37°19.1"; longitude 93°07.3'). Sheet 2 of Apnendix A shows the
general vicinity.

C. Size Classification:

With an embankment height of 27 ft and a maximum storage
capacity of approximately 60 acre-ft, the dam is in the small
sl1zZe category.

h. tHlazard Classification:

The St. Louis District, Corps of Engincers has determinel
that this dam 1s in the hig¢h hazard potential classification.
The estimated damage zone extends approximiately two miles down-
stream of the dam. Located within this tone are a pond, a few
out-buildings, and five dwellings. The affected features
lTocated within the damage zone were Yield verified by the in-
spection team.

ISR Dwnership:

The dam is owned by illiard fistates Subdivision, c¢/o
Mr. Tohn Norman., The owner's address is Reoute 3, Box 282D
Strafford, Missouri 65757

I Purposc of Dham:

The dam was constructed primarily for recreation.

. Design and Construction History:

The dam was constructed in 1977 by the owner, Mr. John
Norman., According to Mr. Norman, the Soil Conservation Ser-
vice office did some preliminary survey and design work on
the dam site. A request to SCS for available information re-
sulted in their being unable to find any file information re-
lative to this dam. Mr. Norman stated that the preliminary
plan was used as a guide, but the dam was not constructed in
accordance with the SCS preliminary design data. All informa-
tion for the construction of the dam was obtained {rom Mr.
Norman.




A core trench about 11 tt ide and > ft deep was exca-
vated alonyg the centerline of the dam. Select material from
the lake bed was placed in the core and extended upward to
the elevation of normal pool level (Elevation 1404.3 ft).
The remainder of the {ill material was also obtained from
the lake bed.

The principal spillway pipe as initially installed in-
cluded the vertical standpipe, a 4 in. gate valve installed
at the bottom of the standpipe and an 8 in. stecel pipe ex-
tending through the embankment. The pipe diameter was re-
duced to 4 inches about 20 ft from the pipe outlet. The
remaining 20 ft of pipe was 4 in. PVC pipe.

As the lake was filling, Mr. Norman observed a leak in
a welded joint of the spillway near the inlet. tle removed
the standpipe, inserted a 20 ft section of PVC pipe inside
the 8 in. steel pipe and grouted between the two pipes. ile
stated that this procedure stopped the leak at the joint.

Mr. Norman stated that the dam had never been overtopped.
The maximum water level obtained, to his knowledge, was at
clevation 1406.0.

H. Normal Opcrating Procedures:

Normal flows are discharged through the uncontrolled
principal and emergency spillways. The lake level can be
lowered by use of the 4 in. gate valve into the principal
spillway pipe. Mr. Norman stated that the pool level 1is
normally maintained at the elevation of the principal spill-
way inlet pipe.

1.5 PERTINENT DATA:

Pertinent data about the dam, appurtenant works, and re-
servoir are presented in the following paragraphs. Sheet 3
of Appendix A presents a plan, profile, and typical section
of the embankment.

AL Drainage Area:

ihe drainage arca for this dam, as obtained from the
U.S5.G.S. quad sheet, is approximatcly S5 acres.




B. _ Discharge at Dam site:

(1) All discharge at the dam site is through uncontrolled
spillways.

(2) Lstimated Total Spillway Capacity at Maximum Pool (Top
of Dam - E1. 1407.1): 150 cfts

{3) ELstimated Capacity of Principal Spillway: Necgligible
(4) Lstimated Capacity of Emergency Spillway: 150 cfs

(5) Estimated Experience Maximum Flood at Dam Site:
35 ¢fs at Elevation 1406.0

(6) Diversion Tunnel Low Pool Outlet at Pool Elevation:
Not Applicable

(7) Diversion Tunnel Outlet at Pool [levation: Not Applicable
(8) Gated Spillway Capacity at Pool Elevation: Not Applicable

(9) Gated Spillway Capacity at Maximum Pool [Llevation: Not
Applicable

C. Elevations:

All clevations are consistent with an assumed mean sea level
elevation of 1384.0 MSL for northeast corner of downstream cul-
vert headwall (estimated from quadrangle map).

(1) Top of Dam: 1407.1 ft, MSL

(2) Principal Spillway Crest: 1404.3 ft, MSL

(3) Emergency Spillway Crest: 1405.4 ft, MSL

(4) Principal Spillway Pipe Invert at Outlet: 1379.5 ft, MSL
(5) Strecambed at Centerline of Dam: 1383.0 ft, MSL

(6) Pool on Date of Inspection: 1401.4 ft, MSL

(7) Apparent High Water Mark: 1404.3 ft, MSL (observed)

{8) Maximum Tailwater: Not Applicable

(9) Upstream Portal Invert Diversion Tunnel: Not Applicable

{10) Downstream Portal Invert Diversion Tunnel: Not Applicable



(5)

(6)
(7)

~3

(8)
(9)

D. Reservoir lLengths:

At Top of Dam: 900 ft
At Emergency Spillway Crest: 860 ft
At Principal Spillway Crest: 830 ft

E. Storage Capacities:

At Top of Dam: 60 Acre-ft
At Emergency Spillway Crest: 52 Acre-ft
At Principal Spillway Crest: 47 Acre-ft

E. Reservoir Surface Areas:

At Top of Dam: 4.8 Acres
At Emergency Spillwayv Crest: 4.6 Acres 4
At Principal Spillway Crest: 4.7 Acres
G. Dam:

Type: Rolled Earth

Length at Crest: 320 ft

Height: 27 ft

Top Width: 12 ft

Side Slopes: Upstream to water edge varies from 1V on 2.1H
§?4hv on 2.4H Downstream varies from 1V on 2.1H to 1V on

Zoning: Apparently llomogeneous

Impervious Core: C(Clay core, 11 ft wide (information from
owner)

Cutoff: Keyv trench 5 ft deep (Information from owner)

Grout Curtain: None




1. Diversion and Regulating Tunnel:

Tyvpe:  Not Applicable

LLength: Not Applicable

Closure: Not Applicable

Access: Not Applicable

Regulating Facilities: Not Applicable

1. Spillway:

I.1 Principal Spillway:

Location: Station 1 + 30 centerline of dam

Tyvpe: 4 in., diameter PVC pipe grouted inside an 8 in.
diameter steel pipe

Upstrecam Channel: Not Applicable
Downstreanm Channel:  barth channel with gentle side slopes

1.2 Emergency Spillway:

LLocation: North Abutment
Type: LEarth Channel
Upstrecam Channel: larthcut Channel

Downstream Channel: LEarth channel along embankment-
abutment contact

J. Regulating Outlets:

Therec are no regulating outlets associated with this dam.

e Lt

PRRY SPSN TP

e o e




pr

p— "

SECTION 2 - ENGINEERING DATA

2.1 DLESIGN:

No cngineering data is known to exist for this dam. Mr.
Norman stated that SCS did some preliminary survey and design
work on the dam. However, SCS does not have any file informa-
tion on the dam. To our knowledge, no construction inspection
records or documented maintenance and operation data exist.

Al Surveys:

No information regarding pre-construction survey data was
available. Sheet 3 of Appendix A presents a plan, profile and
cross-section of the dam and Sheet 4 of Appendix A presents a
profile and section of the emergency spillway. The northeast
hecadwall corner of the downstream culvert was used as a refer-
ence point to determine all other elevations. From the Straf-
tord, Missouri 7.5 minute quad sheet a site datum of 1384.0 ft,
MSL wus estimated for the top of headwall elevation.

B. Geology and Subsurface Materials:
———————e e A L _—

The topography around the site is gently rolling to hilly.
This area is at the eastern edge of the Western Plains region
of the statc. CGenerally, the soils around the dam consist of
deep, well drained, cherty, silty, clay soils. Those soils are
rexidual from cherty Mississippian limestones. Typically, these
solls have a brown, cherty, clavey silt surface layver followed
by a reddish-brown, friable silty clay containing considerable
chert rock fragments. The lower horizon is a red, dark red,
crumbly, plastic, silty clay which has varying amounts of chert
rock. Weathered ledge rock is often found necar the surface in
this arca. The underlying rock is of the Burlington formation
of the Osagecan Series of the Mississippian Systems. The Burling-
ton formation is a white to light buff, very coarsely crystallinc,
tossiliferous, crinoidal limestone. Layers of chert nodules are
common in the upper portions of this formation. The bedrock has
often weathered unevenly leaving pinnacles, mushroom-like knobs
projecting from the rock surface. The crevices betwecn these
knobs are {illed with the red, often highly plastic, silty clay.

Gecologic mapping of Greene County, Missouri compiled by Mr.
Kenneth €. Thomson of Southwest Missouri State University, shows
onc fault zone near the site. The Strafford fault lies approxi-
mately 1 mile south of the dam site. The Department of Natural

P




Resources has indicated that the faults in this area are gen-
erally considered to be inactive and have been for several hun-
dred million years (rock associated with the Mississippian per-
iod is approximately 300 million years old). Additional mapping
by Mr. Thomson indicates the nearest area of sinkhole features
is approximately 5 miles southeast of the dam site. The nearest
cave is approximately 3 miles west of the dam site.

C. Foundation and Embankment Design:

No foundation and embankment design information was avail-
able. Seepage and stability analyses apparently were not per-
formed as required in the guidelines. No construction inspec-
tion test results have been obtained. No internal drainage
features are known to exist.

D. Hydrology and Hydraulics:

No hydrologic or hydraulic design computations for this
dam were available. Based on a field check of spillway dimen-
sions, embankment elevations, and a check of the drainage area
on U.5.G.5. quad sheets, hydrologic analyses using U. S. Army
Corps of kngineers guideclines were performed and appear in
Appendix C, Shcets 1 through 9.

IL. Structure:

There are no structural design computations available for
this dam.

2.2 CONSTRUCTION:

No construction inspection data were available.

2.3 OPLERATION:

Normal {lows are passed by the uncontrolled principal spill-
way pipe and emergency spillway section at the north abutment.
The flow through the principal spillway pipe, 4 in. diameter
PVC pipe, is less than 1 cubic foot per second and is considered
to be negligible in the analysis performed {or this dam.

2.4 LEVALUATION:

A. Availability:

No engineering data, seepage or stability analyses, or
construction test data were available.
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B. Adequacy:

The engineering data available were indadequate to make
a detailed assessment of the design, construction, and opera-
ton of this structure. Seepage and stability analyses com-
parable to the requirements of the '"Recommended Guidelines
for Safety Inspection of Dams' were not available, which is
considered a deficiency. These seepage and stability analy-
ses should be performed for appropriate loading conditions,
including earthquate loads, and made a matter of record.

C. Validity:

To our knowledge, no valid engineering data on the
design or construction of the embankment are available.




SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS:

A. General:

The field inspection was made on November 19, 1980. The in-
spection team consisted of personnel from Anderson Engineering,
Inc. of Springfield, Missouri and Hanson Engineers, Inc. of
Springfield, Illinois. The team members were:

Steven L. Brady, P.E. - Anderson Engineering, Inc. (Civil Engineer)
Tom R. Beckley, P.LE. - Anderson Engineering, Inc. (Civil Engineer)
Jack llealy, P.E. - Hanson Lngineers, Inc. (Geotechnical Engineer)

Nelson Morales, P.LE. - Hanson Engineers, Inc. (Hydraulic Engineer)

The owner of the dam, Mr. John Norman, accompanied the in-
spection team during the visual inspection.

Photographs of the dam, appurtenant structures, reservoir,
and downstream features are presented in Appendix D.

B. Dam:

The dam appeared to be in good condition. The upstreanm and
downstream slopes of the embankment had good grass cover. Mo
sloughing or other unusual movement of the embankment was noted.
No animal burrows were observed.

The vertical alignment of the crest appeared good. A gentle
slope downward in both directions from Station 2 + 00 was noted.
The embankment was constructed with a gentle curve concave down-
stream.

The upstrcam slope of the embankment varied from 1V on 2.1il
to 1V on 2.4H. A good grass cover was noted on the upstream slope.
No rip rap was observed on the upstream slope. No significant ero-
sion was noted.

Good grass cover was noted on the downstream slope of the
embankment, except for the area adjacent to the embankment toe.
The downstream slope of the embankment varied from 1V on 2.1H to
1V on 5.4H. No sloughing or significant erosion of the slopc was
noted.

An apparent seep area was observed at the outlet of the
principal spillway pipe. No noticeable flow or soil particle
suspension was obscrved.
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The contact between the south abutment and the embank-
ment wus good. lLrosion channels were noted at the north
abutment and embankment contact. The erosion was due to
to the emergency spillwav discharges along the toe of embank-
ment .

No instrumentation (monuments, piezometers, etc.) was
observed.

Shallow auger probes into the embankment indicated the
embankment to consist of a brown silty clay with some chert
fragments (CL). The owner stated that the material for the
embankment was obtained from the lake bed.

C. Appurtenant Structures:

C.1 Prinicpal Spillway:

The principal spillway inlet located within the lake,
consisting of an 8 in. standpipe (See Photograph No. 6) and
a 4 in. gate valve appeared to be in good condition. Mr.
Norman stated that the gate valve had not been operated since
it was installed. The outlet of the pipe (See Photograph No.
8) was clear. Standing water was noted at the outlet. The
owner reported that this area remained wet independant of flow
through the spillway pipe. Visual inspection did not reveal if
the flow as through or around the spillway pipe. According to
the owner, no anti-seep collars were installed on the spillwav
pipe.

C.2 T[Imergency Spillway:

The emergency spillway located at the north abutment is
an earthcut channel with a concrete slab and fish screen in-
stalled on the bottom of the channel (See Photograph No. 9).
The inlet channel is clear. No accumulation of trash or debris
was noted on the fish screen. No grass cover of the channel or
the side slopes of the control section was observed. The dis-
charge channel of the emergency spillway is along the contact
between the embankment and abutment. Erosion channels were
observed along the embankment toe. Scattered grass cover of
the channel at and downstream of the control section was noted.

D. Reservoir:

The watershed is gecnerally wooded with moderate side slopes.

No sloughing or erosion of the reservoir slopes was observed.
significant sedimentation of the lake was noted.
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E. Downstream Channel:

Immediately downstream of the dam is a 5 ft high roadway
embankment and concrete box culvert (See Photograph Nos. 10
and 12). During peak flows, discharge from the spillwavs
will be retarded by the embankment and the culvert. The
roadway embankment will overtop at elevation 1384.0, which
is the toe of slope elevation. The back up of water due
to the roadway embankment is not expccted to cause serious
damage to the dam cmbankment. Beyond the roadway, the channel
is well defined with moderate slopes. The downstream channel
is lightly wooded pastureland with good grass cover.

3.2 EVALUATION:

The dam is in good condition. The erosion along the em-
bankment north abutment contact, could worsen with continued
discharge through the emergency spillway and seriously affect
the stability of the dam. Accumulation of trash or debris on
the fish screen could result in additional erosion of the spill-
way and also seriously affect the stability of the dam. The
seepage at the outlet of the principal spillwayv pipe and lack
of wave protection for the upstream face are deficiencies which
could also affect the stability of the dam.

TS o O




SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES:

The only operating facility for this dam is the 4 in. dia-
meter PVC principal spillway pipe with associated 4 in. diameter

gate valve, which carries negligible flows. The pool is normally

controlled by rainfall, runoff, evaporation, and the capacity of
the uncontrolled emergency spillway.

4.2 MAINTENANCE OF DAM:

The owner of the dam does not have an established mainten-
ance program for the dam.

4.3 MAINTENANCE OF OPERATING FACILITIES:

There is no regular maintenance of operating facilities.

4.4 DESCRIPTION OF ANY WARNING SYSTEM IN EFFECT:

The inspection team is unaware of any existing warning
system for this dam.

1.5 EVALUATION:

The seepage, erosion, and lack of wave protection are
serious deficiencies which should be corrected. However, to
avoid creating an unsafe condition, these deficiencies should
be corrected under the direction of an enginecr experienced
in the design and construction of dams.

Rades




SECTION 5 - HYDRAULIC/HYDROLOGIC

S, EVALUATION OF FEATURES:

A Design Data:

~o hvdrologic or hydraulic design computations for this
Jdan were available.

B. . lLxperience bDuta:

No recorded rainfall, runoff, dischurce, or reservoilr
stage data were available tor this lake and watershed. The
owner reported that the maximum water level was about 0 in.
over the emergency spillway and that the dam had never been
overtopped. The owner stated that the lake level 1s usually
maintained at normal pool level of 1404.3 ft, MSL (Illevation
of principal spillwayv inlect).

C. Viisual Observations:

The approach arca to the spillway is clear. A concrete
slab at the control section of the spillway was noted. The
slab did not extend along the side slopes of the channel. The
discharge of the spillway was carried along the embankment and
abutment contact point. Lrosion channels were observed at the
contact point cxtending from the control section to the toe of
the cmbankment. VPonding of water near the toe of the embank-
ment would occur during periods of peak flow due to the 5 ft
high embankment and limiting flow through the concrete box cul-
vert immediately downstream of the embankment. Standing water
was observed at the principal spillway outlet pipe. No notice-
able flow or suspended soil particles werce noted.

. Overtopping Potential:

The hydraulic and hydrologic analyses (using the U. S. Army
Corps ot lnginecers guidelines and the HUIC-1 computer program) were
based on: (1) a {ield survey of spillway dimensions and embank-
ment elevations; and (2) an estimate of the reservoir storage and
the pool and drainage areas from the Strafford, Missouri 7.5 Min-
ute U.S.0.5. quad sheet.

Based on the hydrologic and hydraulic analvsis presented in
Appendix €, the combined spillways will pass 20 percent of the
Probable Maximum Flood. The Probable Maximum Flood is defined
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as the (lood discharge that may be expected {rom the most sev-
ere combination of critical meteorologic and hvdrologic condi-
tions that are recasonably possible in the region. The recom-
mended guidelines from the Department of the Army, Office of
the Chief of Engineers, require that this structure (small size
with high downstream hazard potential) pass 50 percent to 100
percent of the PMF, without overtopping. Considering the small
height of the dam and low reservoir storage capacity, 50 percent
of the PMF has been determined to be the appropriate spillway
design flood. The spillways will pass a 1 percent probability
flood without overtopping the dam.

Application of the probable maximum precipitation (PMP},
minus losses, resulted in a flood hydrograph peak inflow of
1,278 cfs. For 50 percent of the PMF, the peak inflow as
639 cfs. The results of flood routings are shown in Table 5,
Sheet 7 of Appendix A.

The routing of 50 percent of the PMF through the spill-
wavs and dam indicates that the dam will be overtopped by 0.9
ft at elevation 1408.0. The duration of the overtopping will
be 0.9 hours, and the maximum outflow will be 523 cfs. The
maximum discharge capacity of the spillways is 150 cfs. The
routing of the PMI' indicates that the dam will be overtopped
by 1.4 ft at elevation 1408.5. The maximum outflow will be
1,276 ¢fs. and the duration of overtopping will be 4.9 hours.
Overtopping of an earthen embankment could cause serious ero-
sion and could possibly lead to failure of the structure.




SECTTON 6 -~ STRUCTURAL STABILITY

0.1 EVALUATION OF STRUCTURAL STAPILTITY:

AL Visual Observations:

Observed features whicl, could adversely affect the
structural stability of this dam are discussed in Sections
3.18 and 3.2,

B. Design and Construction Data:

secepage and stability analvses comparable to the re-
quirenrents of the guidelines were not available, which
constitutes a deficiency which should be rectified.

C. Uperating Records:

N

Mo operating records have been obtained.

', Post-Uonstruction Changes:

The only reported post-construction was the placement
of the 4 in. PVC pipe inside the 8 in. principal spillway
pipe.

k. Seismic Stability:

The structure is located in seismic zZone 1. An earth-
quake of this magnitude would not generally be expected to
cause severe structural damage to a well constructed earth
Jam of this sice. '

- Lo -




T L

SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT

This Phase 1 inspection and evaluation should not be
considered as being comprchensive since the scope of work
contracted for is far less detailed than would be required
for an in-depth evaluation of dams. lLatent deficiencies,
which might be detected by a totally comprehensive inves-
tivation, could exist.

A, Safety:
The embankment was In good condition. Several items

wore noted during the visual inspection which should be in-

vesticated turther, corrected or controlled. These itens

are: (1) Seepage at outlicet of principal spillway pipe; (20

Frosion along north abutment and embankment contact; and

(31 Lack of wave protection lor upstream face of embankment.

Another deficiency was the lack of scepage and stability
analvses records.

The dam will be overtopped by flows in excess of 20 per-
cent of the Probable Maximum Flood. Overtopping of an earthen
embankment could cause serious crosion and could possibly lead
to failure of the structurec.

B. Adequacy of Information:

The conclusions 1n this report were based on the perfor-
mance history as rclated by others, and visual observation of
external conditions.

The inspection team considers that these data are suffi-
cient to support the conclusions herein. Scepage and stability
analyses comparable to the "Recommended Guidelines for Satety
Inspection of Dams' werc not available, which is considered a
detficiency.

C. Urgency:
The remedial measures rccommended in paragraph 7.2 should

be accomplished in the ncar future. If the deficiencies listed

in paragraph \ arc not corrected, and if good maintenance is not
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provided, the embankment condition will deteriorate and possibly
could become serious in the future. The items rccommended in
paragraph 7. 2A should be pursued in the ncar future.

D. Necessity for Additional Inspection:

Based on the result of the Phase T inspection, no Phase 11
inspection is recommended.

L. >Seismic Stability:
The structure is located in seismic¢ zone 1. An carthquake

of thiz magnitude would not generally be expected to cause scv-

ere structural damage to a well constructed carth Jdam of this

SPIC.

Tl RINMEDLAL MEASURYS:

ihe following remedial measures and maintenance procedurcs
are recommonded. ATl remedial measures should be performed
under the suidance of a professional engincer cxperienced in
the design and construction of dams.

A Alternatives:

(1) Spillway size and/or height of dam should be
increased to pass 50 percent of the PMF. In
either case, the spillway should be protected
to prevent erosion.

B. O § M Procedures:

(1) Seepage and stability analyses comparable to
the requircments of the recommended guidelines
should be performed by an engineer experienced
in the construction of dams.

(2) The seepage at the principal spillway outlet
pipe should be investigated by an engineer
experienced in the design and construction of
Jdams. Remedial measurces may be required. As
a minimum, this area should be inspected per-
iodically in an effort to detect any increase
in the quantity of secepage or any indication
that soil particles arc being carried by the
water.  In this cvent, an c¢xpericnced cngineer
should be contacted immediately.
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(3)

(4)

(61

The erosion channels along the north abutment-
embankmen - contact should be repaired and main-
tained. (ontinued flows through the emergency
spillway along the juncture point could ser-
iously impair the structural stability of the
embankment .

Wave protection, such as rip rap, should be
provided along the upstream slope of the em-
bankment.

A detailed study of the long term ponding cffects
of the downstream roadway embankment should be
investgated by an engincer experienced in the
design and construction of dams. Remedial meas-
ures may be required.

A detailed inspection of the dam should be made
periodically by an engineer expericenced in the
design and construction of dams.




APPENDIX A

Dam Location and Plans
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APPENDIX C

HYDROLOGIC AND HYDRAULIC ANALYSIS

To determine the overtopping potential, flood routings were
performed by applying the Probable Maximum Precipitation (PMP) to a
synthetic unit hydrograph to develop the inflow hydrograph. The inflow
hydrograph was then routed through the reservoir and spillway. The
overtopping analysis was accomplished using the systemized computer
program HEC~1 (Dam Safety Version), July 1978, prepared by the
Hydrologic Engineering Center, U.S. Army Corps of Engineers, Davis,
California,

The PMP was determined from regional charts prepared by the
National Weather Service in "Hydrometeorological Report No., 33."
Reduction factors were not applied. The rainfall distribution for the
24-hour PMP storm duration was assumed according to the procedures
outlined in EM 1110-2-1411 (SPD Determination). Also, the 1 percent
chance probability flood was routed through the reservoir and spillway.
Springfield, Missouri rainfall distribution (5 min. interval - 24 hours
duration), as provided by the St. Louis District, Corps of Engineers,
was used in this case.

The synthetic unit hydrograph for the watershed was developed by
the computer program using the SCS method. The time of concentration
was estimated using the Kirpich formula. This formula and the
parameters for the unit hydrograph are shown in Table 1 (Sheet 4,
Appendix C)., The time of concentration was also verified from velocity
estimates for the average slopes of the watershed and the main channel
(Design of Small Dams, page 70, 1974 Edition).

The SCS curve number (CN) method was used in computing the
infiltration losses for rainfall-runoff relationship. The CN values
used, and the result from the computer output, are shown in Table 2
(Sheet 5, Appendix C).

The reservoir routing was accomplished by using the Modified Puls
Method assuming the starting lake elevation at normal pool. No
antecedent storm was considered in this case. The hydraulic capacity
of the spillway was used as an outlet control in the routing. The
hydraulic capacity of the spillway and the storage capacity of the
reservoir were defined by the elevation-surface area--storage-discharge
relationships shown in Table 3 (Sheet 5, Appendix C).

The rating curve for the spillway (see Table 4 Sheet 6, Appendix
C) was determined assuming critical flow conditions at the control
section and, approach channel losses equal to 30 percent of the
critical velocity head at the control section.

Sheet 2, Appendix C




The flow over the crest of the dam during overtopping was
determined using the non-level dam option ($L and $V cards) of the
HEC-1 program. The program assumes critical flow over a broad—crested
weir, The lowest elevation of the crest of the dam, obtained from
survey measurements, was assumed as top of dam elevation,

A summary of the routing analysis for different ratios of the PMF
is shown in Table 5 (Sheet 7, Appendix C). The result of the routings
indicates that the spillway will pass the 1 percent probability flood
without overtopping the dam.

The computer input data, a summary of the output data, and a plot
of the inflow-outflow hydrograph for the PMF are presented on :heets 8,
9, and 10 of Appendix C.
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TABLE 1

SYNTHETIC UNIT HYDROGRAPH |

Parameters:

aluiloni it b besiol ;

Drainage Area (A) 0.086 sq miles "
Length of Watercourse (L) 0.32 miles ;
Difference in elevation (H) 60 ft )
Time of concentration (Tc) 0.15 hrs .

' Lag Time (Lg) 0.09 hrs :
Time to peak (Tp) 0.13 hrs §
Peak Discharge (Qp) 320 cfs
Duration (D) 5 min

Time (Min.) (¥) Discharge (cfs) (%)

0 0

5 225 s
10 279 !
15 104 '
20 38

25 13

30 5

35 2

(*) From the computer output

FORMULA USED:

Kirpich Formula.

11.9 L3 0.385 From California Culverts Practice, California
Te = ( **‘wa*) Highways and Public Works, September, 1942, '
Lg = 0.6 Tc
D
Tp = ) + Lg
4 .
Op = iﬁéhﬁ"g' Q = Excess Runoff = 1 inch ,
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TABLE 2

RAINFALL-RUNOEY, VALUES

Selected Storm Event Storm Duration lainfall Runot f Loss
oo (Hours) o (Inches)  (Tnches)  (Inches)

pMp 24 34.7 32.9 1.8

17 Prob. Flood R 8.0 4.9 3.1

Sdditional hatas

1) Scil Conservation Service Soil Group B
2) soil Conservation Scrvice Runoff Curve CN = 85 (AMC IIT) for the PMV
3) Soil Conservation Service Runoff Curve CN = 70 (AMC II) for the
I percent probability (lood
4) Percentage of Drainaye Basin lmpervious 12 percent

TABLE 3

ELEVATION, SURFACE AREA, STORAGE AND DISCHARGE RELATIONSHIPS

Lake
Elevation Surface Lake Storage Spillway
(feet-Msl) Area (aeres) | (acre-fr) Discharge (cfs)
1383.0 U 0 -
1390.0 1.2 4 -
1400.0 3.8 29 -
*1404.3 4.5 47 0
*51405. 4 4.6 52 0
wARTA07 .1 4.8 60 150
1410.0 5.0 74 -
1420.0 7.5 - -

*Principal spillway crest elevation
**Emergency spillway crest elevation
#%Top of dam elevation

The above relationships were developed using data from the USGS
strafford, Missouri 7.5 minute quadrangle map and the field
measurements.,
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TABLE 4

SPLLINAYS, RATING CURVE {
4
Reservoir Principal Emergency Total _1
Elevat ion spilluay (1) Spidlway Discharge 1
(MS1L) (cfs) (efs) (ctf's) y
o
*[ 4043 0 - 0 i
%1405, 40 0 0 0
1406.3 0 47 47
1407.0 0 135 135
wx%]407.1 0 150 150
1407.7 0 270 270 "
1408.5 0 470 470
1409 .2 ( 710 710
1409.5 0 860 860
(1) The discharpge capacity is too small. Neglected
*principal spillway crest elevation
**FEmergency spillway crest elevation
#xTop of dam clevation
Method Used:  (Emergency Spillway)
Assuming:
a) Critical flow condition at the control scction. E
h) Approach chaunel losses cqual to 30 pervecunt of the critical
veloceity head at the control section.
FORMULA

5 .
Q" = A% Design of Small Dams, 1974

Edition, Page 553, Water and Power 1]

2, T Resources Service (Formerly USBR).

Q Discharge in cubic feot per second
A = Cross sectional area in square feet

T = Water surface width in feet

Al

# = Acceleration of gravity in ft/sec
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TABLE S

RESULTS OF FLOOD ROUTINGS

Ratio Peak Peak Lake Total Peak Depth

of Inflow Elevation Storage Outflow (ft)

PME (cfs) (ft, MSL) (acre-ft) (cfs) Qver Top

. — - - - e ___5f bam b
- 0 *1404.3 47 0 - [

0.10 128 1406.2 56 40 -

0.15 192 1406.6 58 81 -

0.20 256 *%1407.1 60 150 0

0.25 320 1407.2 60 170 0.1 ]

0.30 384 1407.4 61 217 0.3 b

0.40 511 1407.8 63 360 0.7

(.50 639 1408.0 64 523 0.9

0.75 959 1408.3 66 930 1.2 g

1.00 1,278 1408.5 67 1,276 1.4 1

The percentage of the PHF that will reach the top of the dam is 20 percent.

*Principal spillway crest clevation
**Top of dam clevation L
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LIST OF PHOTOGRAPHS

NOL DESCRIPTION
1 Aerial View (Looking North)

2 View of reservoir and watershed (Looking
Fast

; 3 Crest and upstream face of embankment
illooking North)

1 Crest and upstream face of embankment
with ¢mergency spillway in foreground
{Looking South)

3 Downstream slope of embankment (Looking
i Southeast !

& Principal spillway inlet structure
{Looking PFast)

lipstream face and principal spillway
inlet structure (Looking North)

N Principal spillway outlet pipe, note
standing water (Looking East)

0 Emergency spillway and spillway inlet
channel (Looking East)

10 Emergency spillway and downstream
spillway channel, note erosion
channels along abutment-embankment
contact (Looking Southwest)

11 Fmergency spillway downstream channel,
note erosion and location of channel
adjacent to embankment (Loocking North)

12 Roadway embankment and box culvert
immediately downstream of dam. Area
of standing water is the location of
the principal spillway outlet pipe
(Looking West)

Sheet 1, Appendix D




LIST OF PHOTOGRAPHS

NOL DESCRIPTION
1 Aerial View (Looking North)
2 View of reservoir and watershed (Looking
East)
3 Crest and upstream face of embankment

(Looking North)

4 Crest and upstream face of embankment
with emergency spillway in foreground
{(Looking South)

5 Nownstream slope of embankment (Looking
Southeast)

6 Principal spillway inlet structure
{Looking Iast)

Upstream face and principal spillway
inlet structurc (Locking North)

8§ Principal spillway outlet pipe, note
standing water (Looking East)

9 IEmergency spillway and spillway inlet
channel (Looking East)

10 Emergency spillway and downstream
spillway channel, note erosion
channels along abutment-embankment
contact (Looking Southwest)

11 Emergency spillway downstream channel,
note crosion and location of channel
adjacent to embankment (Looking North)

12 Roadwayv embankment and box culvert
immediately downstream of dam. Area
of standing water is the location of
the principal spillway outlet pipe
(Looking West)
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